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Formation Flying Interferometer

• Variable array size:  70 to 150 m
• Spacecraft formation flying control to 

accuracies of:
• Range:  2 cm
• Bearing:  1 arcmin
•Enable optical sensor and delay line for 
fringe acquisition and lock

• Continuous observation during s/c 
formation rotation

Four 
Collectors

Combiner

70-150 m

8-18 m
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TPF Formation Flying

Enabling FF Technologies
- Formation Acquisition Sensor
- On-board Autonomous Guidance & Control
- Control Architecture & Algorithms
- Precision Formation Sensor
- End-to-end System Testbeds

Key FF Issues
- Lost-in-space Formation Acquisition
- Collision Avoidance
- Precision Formation Control
- Observation-on-the-fly
- Integrated End-to-end System

Infra-structure Technologies
- Inter-spacecraft communications
- Actuation
- Thermal shields
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TPF Formation Flying Technology 
Activities

• Address key technology issues to establish feasibility of precision formation 
flying for a FF interferometer mission.

• Multiple testbeds
• Interaction with the Design Team FF system design

Formation Flying Technology
- MiMi Aung

FFT System Engineer
- Asif Ahmed

Formation 
Algorithms
& Simulation 
Testbed (FAST)
- Matt Wette

Formation Sensor 
Testbed (FST)
- Jeff Tien

Formation Control 
Testbed (FCT)
- Asif Ahmed

SPHERES*
-David Miller (MIT)

Electro-Magnetic 
FF (EMFF)
-David Miller (MIT)
-Laila Elias

*SPHERES = Synchronized 
Position Hold Engage and 
Reorient Experimental Satellites

Thermal Shields
- Paul MacNeal

Formation 
Interferometer
Testbed (FIT)
- Leticia Montanez

No technology work ongoing at this time

Inter-s/c Comm
- Design Team

Thermal Shields
- Design Team

FF System Design
- Design Team

Expo presentations
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Integrated FF Technology Development Approach

Formation 
Acquisition

Precision 
Formation Flying

Interferometer 
Acquisition

~cm ~mm ~um~m

Nulling

~nm

Formation Sensor Testbed (FST)
Formation acquisition sensor hardware & algorithms – scalable to 4π steradian coverage.
Demonstrate & validate the functionality and performance in a hardware testbed

FAST
Formation control architecture & algorithms in an end-of-end high-fidelity 
formation flying simulations in a distribute real-time environment

FCT
Validate FAST algorithms in an end-to-end hardware testbed with multiple robots 

MIT SPHERES
Lessons learned from TPF-representative 
formation maneuvers. FIT

Interferometric fringe acquisition and tracking 
across relatively moving platforms

Infrastructure: Inter-s/c communications, actuation, thermal shields
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TPF FF Technology Plan

FAST
(Algorithms & demo in real-
time, distributed environment)

FCT
(Physical validation
of algorithms)

FST
(Acquisition sensor)

SPHERES
(micro-g FF demo):

Thermal shield

9/2004 9/2005 9/2006

TPF Arch. down-select 
(6/2006)

Material selection
(5/2006)

9/2003

2 s/c nominal FF
(10/2003)

simplified sensor 
calibration for TPF 
(7/2003)

demo 3 s/c end-to-end 
sensor operation 
outdoors (5/2006)

demo sensor 
scheme for 3 s/c –
incl. jamming 
(8/2005)

demo basic sensor 
scheme for 2 s/c 
(8/2004)

5 s/c nominal FF
(5/2005)

5 s/c FF +
fault-scenarios
(3/2006)

5 s/c FF
+ interferometer 
models
(6/2007)

1-robot FF
(3/2003)

5-robot FF
(4/2006)

2-robot FF
(5/2005)

micro-g FF demo
(12/2003)

Technology developed consistently with the FF system design in the Design Team
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Back-up
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TPF Formation Flying Technology Testbeds

Formation Sensor Testbed
(FST)

4π-steradian 
articulated testbedHardware-in-the-loop testbed 

MIT SPHERES

Formation Algorithms & Simulation Testbed
(FAST)

S/C 1

S/C 2

S/C 3

Formation Control Testbed
(FCT)

Spherical 
Air Bearing

Articulated
Vertical Stage

Linear 
Air Bearing 

Translation
Platform

Attitude
Platform

Formation 
Acquisition

Collision
Avoidance

Observation
On-the-fly
(uv filling)

FF Sensor

Inside International Space Station (ISS) 
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TPF Formation Flying Technology Testbeds

Electromagnetic Formation Flying
(EMFF)

Formation Interferometry Testbed
(FIT)
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